One approach toward a better understanding of the mechanism of immune hemolysis is the study of its kinetics. While a number of investigations along these lines have been undertaken (1-11), most of the data lack the precision and scope required for quantitative kinetic analysis. Only a few studies have ineluded measurements of the rate of the reaction over its entire course, and most of these have dealt solely with the effect of varying the concentration of complement (C'). Other factors, such as the concentration of antibody or of red cells, and the effect of pH, temperature, and salt concentration, etc., have been evaluated only by end point measurements, such as the usual dilution titers, or the determination of the time required for complete lysis, as, for example, in references 9 and 10. Furthermore, in many of the early experiments (1-4) no clear distinction was made between the effect of hemolytic antibody and of C', since these agents were not introduced as separate entities.
drawn for analysis as in reference 9. In this manner considerable improvement ill the timing of analyses as well as in ease and convenience of experimentation has been achieved.
The experiments described and discussed below have been assembled to illustrate the details of procedure as well as to outline some of the initial results of kinetic analysis. Further investigations are in progress and will be dealt with in subsequent communications.
EXPEP.IM~NTAL
Materials and Mdhods.--Sheep blood was preserved aseptically in modified Alsever's solution (14) , and standardized suspensions of washed sheep erythrocytes were prepared as in reference 12 except that the concentration of erythrocytes was adjusted so that a 1.0 ml. portion of cell suspension mixed with 14.0 ml. of a 0.1 per cent solution of anhydrous sodium carbonate I yielded a lysate of optical density 0.34 read in the Beckman quartz spectrophotometer at a wave length of 541 mp ~ in a cuvette of 10 mm. light path and with distilled water as reference standard. Cell suspensions so prepared from the blood of healthy, adult sheep 3 contained 5 X 10 s erythrocytes per ml.
Since Ca ++ and Mg ++ are essential constituents of the hemolytic system (13) these ions were supplied in optimal concentrations by means of a veroual-bicarbonate buffer s containing 0.00015 ~ CaCh and 0.0005 ~ MgCh. During the early stages of the work this served as wash fluid as well as diluent for the erythrocytes and the guinea pig C'. Later, the red cells were washed with and suspended in buffer containing 0.1 per cent crystalline bovine serum albumin (SA) 5 in addition to the other components, since less spontaneous lysis occurred under these conditions.
Hemolytic antisera were prepared in rabbits by intravenous injection of 11 ml. of a 10 per cent suspension of washed sheep erythrocytes administered in 6 doses over a period of 2 weeks. Mter 10 days' rest the animals were bled 40 ml. by cardiac puncture. A second course of 6 injections was then given during the following 2 weeks with a total of 15 ml. of 10 l Sodium carbonate solution, unlike distilled water, yields optically clear lysates.
The red color of the lysate, due to oxyhemoglobin, is characterized by light adsorption maxima at wave lengths of 541 and 576 rap, respectively, and an absorption minimum at 559 mtz. During the prolonged periods of incubation used in the present experiments a small part of the oxyhemoglobin is converted to methemoglobin. At 576 m/z the optical density of methemoglobin at pH 7.4 equals 28 per cent of that of oxyhemoglobin, while at 541 m/z it is 43 per cent. Therefore the analytical error due to conversion of oxy-into methemoglobin is smaller if optical densities are determined at 541 m/z. In some of the later experiments the extent of methemoglobin formation was estimated spectrophotometrically (15) and the resulting error in the measurement of hemolysis was found to be 1 per cent after 1½ hours, and about 4 per cent after 8 hours of incubation at 37°C.
s The blood was obtained from a colony of 4 sheep, and each animal supplied 400 ml. of blood approximately every 8 to 12 weeks. Bloods were not pooled.
483.8 gin. NaC1, 2.52 gm. NaHCOs, 3.00 gin. sodium 5, 5--diethyl barbiturate, 4.60 gm., 5,5-diethyl barbituric acid, 1.0 gm. MgC12.6H,O, 0.2 gm. CaCI~. 2H,O. Dissolve the acid in 500 ml. hot water, add to the solution of the other components, cool, and make up to 2000 ml. with water. Each day dilute accurately 1 part up to 5 with water. The pH of the diluted buffer should be 7.3 to 7.4.
Armour and Company, Chicago, Illinois.
per cent erythrocyte suspension per animal. Thirteen days after the last injection a second bleeding was taken. Antiserum pool A contained the second bleedings from rabbits 29, 30, 31, and 32. Antiserum B was pooled from the first bleedings of rabbits 29, 30, and 32. The bulk of each pool was stored at --20°C. and a small portion, accurately diluted 1/10 or 1/20 with saline, was kept in the refrigerator. From this stock, further dilutions were made each day with veronal-bicarbonate buffer 4 containing 0.008 per cent SA (subsequently referred to as SA-buffer). In later experiments the concentration of albumin in the diluent was raised to 0.1 per cent. In agreement with similar observations in reference 16, preliminary experiments indicated loss of antibody activity due to adsorption on glass when plain buffer was used as diluent, but not when SA-buffer was used. For C', pools of 30 to 60 ml. of serum from 10 to 20 guinea pigs were absorbed 4 to 6 times for { hour in the cold with washed, packed sheep erythrocytes (1 ml. per 30 ml. serum) to remove natural hemolytic antibody. After absorption the serum pool was distributed in 2 or 3 ml. portions in clean Pyrex glass ampoules which were promptly sealed and frozen in solid COy Shortly before use in an experiment an ampoule was opened and the contents diluted accurately with ice cold veronal-bicarbonate buffer.
Experimental Procedure.--Initially, attempts were made to use Ponder's method (10) of observing the rate of hemolysis directly in a photometer. The reaction mixture was placed in a photometric cuvette held at constant temperature by means of a water jacket through which distilled water kept at 37°C. was circulated. The red cells were maintained in uniform suspension by continuous stirring, and the lytic process was followed by measuring the light scattered at a 90 ° angle. It proved difficult, however, to secure precise, reproducible measurements with this arrangement because the photometric readings varied with the speed of motion of the red ceils, due to the fact that the intensity of light scattering depends on the spatial orientation of the erythrocytes in respect to the light beam. As a remedy, stirring was discontinued and the cells allowed to come to rest before each reading, but in experiments requiring frequent readings this left too little time for the necessary stirring. Furthermore, the method of running the lysis inside a spectrophotometer is limited to one experiment at a time. As a result of these difficulties, the alternative procedure, described below, was adopted.
Ten ml. erythrocyte suspension, standardized spectrophotometrically to contain 5 X 10 s ceils per ml., and 10.0 mL of diluted C' are mixed in a thoroughly cleaned 6 125 ml. Erlenmeyer flask suspended from a mechanical rocker 7 in a water bath at 37°C. 4-0.05 °. After about 8 to 10 minutes' shaking to attain temperature equilibrium, 5.0 ml: of antibody dilution, also prewarmed to 37°C., is added, and timing of the lyric reaction is begun. The mixture is shaken continuously during the entire experiment, except for interuptions of about 10 seconds during sampling. At stated time intervals, samples of 1.5 ml. are withdrawn by means of an accurately calibrated pipette and immediately delivered into and mixed with 3.0 ml. of an ice cold solution containing 0.12 M NaC1 and 0.015 ~ sodium citrate, the latter salt serving to arrest lysis by binding s of Mg ++ and Ca ++ (13) . The 1.5 ml. pipettes used for sampling have delivery periods of about 10 seconds from mark to tip, and the time recorded for each sample is taken at the moment when one-half of the contents of the pipette has run out. The pipette is allowed to drain for a few seconds after the fluid has reached the tip, and is then blown out, in accordance with the procedure used for calibration. Efforts have been made to adhere to a 6 Pipettes, flasks, and test tubes were cleaned with dichromate-sulfuric acid mixture. 7 The Erlenmeyer flask is held in a short clamp attached to a horizontal rod which rotates back and forth through an angle of about 70 to 80 ° at a rate of 37 complete strokes per minute.
8 After addition of the sample withdrawn from the reaction mixture to the citrate solution, the concentrations of Mg ++, Ca ++, and citrate are 0.00017 ,~, 0.00005 ~, and 0.01 x~, respectively. Thus citrate is present in considerable excess.
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uniform technique of sampling in order to keep the error of timing within 4-0.1 minute. After each sample, the pipette is rinsed once with 0.15 M NaC1 solution, allowed to drain, and after blowing out the last drop the tip is wiped with dry filter paper.
The diluted samples are kept in ice water until the operator has time to place them in the centrifuge. They are spun for 10 minutes in the cold, the supernatant fluids are poured off, and the hemoglobin content of each supernate is determined spectrophotometricaUy at 541 m~.
Ca~culations.--Since the standardized cell suspension contains 5 X 10 s erythrocytes per mL the total dose of 10.0 ml. equals 5 billion cells. Upon addition of C' and antiserum the cells are diluted 2.5-fold. On admixture of citrate-saline with the samples withdrawn from the reaction mixture a further three-fold dilution occurs. Thus, the final dilution factor equals 7.5, and on this basis a completely lysed sample Corresponding to lysls of the 5 billion cells in the entire reaction mixture yields an optical density reading of 0.68. Therefore, the number of cells decomposed in a partially lysed sample is calculated by multiplying the optical density 5X 10 s by the factor ----7.35 X I0 ~. 0.68 Appropriate blanks are included in each experiment and data are corrected accordingly. As shown in the protocol for Table I , in experiments with excess C' the essential blank contains cells and C', but no antibody. On the other hand, experiments with excess antibody require a blank containing ceils, antibody, and SA-buffer, or cells, antibody, and C ~ inactivated by heating at 56°C. for 50 minutes. Since it could be shown that C' heated under these conditions is entirely devoid of hemolytic activity, blanks containing cells, antibody, and SA-buffer are satisfactory and have therefore been used throughout.
It has been customary in studies on hemolysis to express results in terms of per cent lysls. This was not done in the present investigation because rather complex calculations would be necessary to correct the percentage values for the progressively increasing degree of lysis observed in the blank, and also because it seemed preferable to measure velocity of lysis in absolute terms. In expressing results in absolute numbers, as in the present experiments, it must be borne in mind, however, that complete hemolysis corresponds to 5 billion cells less the number of cells lysed in the blank. Depending on the magnitude of the blank, this value varied between 4.6 and 4.9 billion cells.
Pro~ocols.~The complete record of a typical experiment is shown in Table I in order to furnish the details of measurement and calculation. As outlined in the following protocol the experiment consisted of three runs with antiserum pool B at dilutions of 1/20,000, 1/30,000~ and 1/50,0007 respectively, as well as three controls containing, respectively, ceils alone, cells mixed with C', and cells mixed with antiserum diluted 1/20,000. The initial reading for the cell blank in flask A gave an optical density of 0.011, corresponding to initial spontaneous lysis of 1.6 per cent of the cells. During the 434 minutes which this experiment ran, this value rose to 0.017, or 2.5 per cent lysis, a negligible increase. The "cell + antiserum" blank in flask C gave an initial reading of 0.018 (2.6 per cent) and reached 0.023 (3.4 per cent) at the end of the run. While this mixture showed somewhat more initial lysis than the cell blank (A), the increase which occurred during the run was the same. The "cell + C'" blank in flask B gave an initial optical density reading of 0.023 and the difference between this value and the reading of 0.011 in flask A is accounted for by the color of the guinea pig serum used as C'. Reaction mixture B, however, showed a much larger increase during the run than either A or C. This is presumably due to traces of hemolytic antibody left in the C ~, even after repeated absorptions with packed sheep erythrocytes. Unabsorbed C ~ yields much higher blanks and is therefore unsuitable.
The optical density values for flask B were plotted against the absolute time readings and a smooth curve was drawn through the points by inspection. For correction, the blank values at the appropriate times were read from the curve and subtracted from the optical density readings of the samples from flasks D, E, and F. These corrections were made on the basis of absolute, rather than net time because the lytic action due to guinea pig serum alone starts as soon as the flasks are placed in the water bath and is therefore not affected by the staggered addition of the antiserum dilutions. The blanks represented by flasks A and C were not used in calculating the results, but were included solely for the purpose of checking the stability of the cells. The corrected optical density values were converted into the number of cells lysed by multiplying with the factor 7.35 X 109, as explained above.
Data from Table I are represented in Fig. 1 by curves 1, 2 , and 3. Results of another experiment with antiserum B, diluted 1/15,000 and 1/10,000, are shown in curves 4 and 5.
The experiment shown in diluted 1/30. A blank control containing cells and C' but no antibody was also run in duplicate. After withdrawal of 6 samples of 1.5 ml. from each of the flasks (i.e., 9.0 ml. total withdrawn) another 6.0 ml. was removed and discarded, in order to reduce the volume of each reaction mixture to 10.0 ml. Tmmediately afterwards 20.0 ml. portions of ice cold citrate-saline were added to one of the determinations and one of the blanks, the mixtures were transferred from the 37 ° water bath to an ice water bath, and kept there with manual agitation every few minutes. To the other determination and blank 20.0 ml. portions of citrate=saline prewarmed to 37°C. were added and the mixtures kept in the 37°C. water bath with continuous rocking. Sampling was then resumed and the portions removed were immediately centrifuged in the cold to separate the intact cells. The results indicate that addition of citrate-saline arrests hemolysis completely, and that in conjunction with chilling its action is practically instantaneous.
It appeared advisable to determine whether the intensity of agitation affects the rate of hemolysis (Fig. 3) . Duplicate runs were made with C t, lot VI, diluted 1/30 (i.e. an excess) and a hemolytic antiserum from Lederle Laboratories, used in 2 dilutions, viz. 1/10,000 and 1/15,000. One set of determinations including the blank was shaken in the usual manner with an angular excursion of 70°/while the other set was shaken with an excursion of 20 ° .
Since results were identical under both conditions the intensity of agitation does not represent a critical factor, provided, of course, that it is adequate to maintain the cells in uniform suspension.
In another experiment the rate of shaking was increased to 46 strokes per minute with an angular excursion of about 70 to 80 ° , but the velocity of hemolysis was not affected. The experiment presented in Fig. 4 was carried out with excess C' (dilution 1/30), and limited amounts of antiserum pool A, with dilutions ranging from 1/2500 to 1/30,000. While of the same type as the experiment with antiserum pool B, shown in Fig. 1 , the characteristic shapes of the velocity curves are dissimilar, indicating that different antisera such as pools A and B may exhibit diverse kinetic behavior. In some of the experiments incorporated in this series, C', lot V, was used, while others were performed with lot VI, but no sig- nificant difference was noted when these 2 lots of C' were compared at the same dilutions of antibody.
While it has not yet been possible to subject the velocity curves in Figs. 1 and 4 to mathematical analysis, a comparison of the curves obtained with different dilutions of antiserum A (Fig. 4) has been made on the basis of the maximal slopes. These were measured from the graph in the vicinity of the inflection point and plotted against the reciprocal of the antiserum dilution to yield the plot of velocity vs. relative concentration of antibody shown in Fig. 5 . As may be seen the velocity is a linear function of concentration over most of the range except at very low concentrations of antibody. It is also evident that the speed of lysis could serve as a sensitive and precise measure of antibody concentration.
The experiment shown in Although similar in experimental design, except for the use of C r, lot VI, and antiserum pool A, diluted 1/500, the set of curves in Fig. 7 is shown because they display somewhat longer delays prior to the start of hemolysis. The graphs do not show complete cessation of lysis as clearly as do those in Fig. 6 , since most samples for analysis were taken during the early stages of the reaction to permit calculation of the maximal velocities.
When the hemolytic reaction is carried out with excess antibody as in Figs. 6 and 7, the speed of lysis depends on the concentration of C'. By plotting the maximal slope at the inflection point of each curve against the reciprocal of the corresponding C' dilution, i.e. the relative C' concentration, the relation shown in Fig. 8 is obtained. Since the experiment shown in Fig. 6 was run for a long time period with only few points on the ascending limbs of the curves it could not be used to measure the maximal velocities of lysis. The data represented by circles in Fig. 8 were therefore taken from Fig. 7 , while the squares represent data from another experiment not shown here. The velocity curves in Figs. 6 and 7 show that the lyric process stops when the available C' has been exhausted. On the other hand, the curves in Fig. 1 and especially those in Fig. 4 show that in the presence of excess C' and limited amounts of antibody the lytic reaction does not reach an end point but goes on for the entire period of observation, usually about 7 hours. In some experiments with antiserum pool A runs were extended to 12 hours, and in a few cases even 20 hours without reaching a standstill, but quantitative measurements became progressively more unreliable during such long incubation periods due to extensive hemolysis in the controls. Although penic;ll;n was used in these extended runs, the danger of bacterial growth, with possible production of hemolytic substances, is not entirely eliminated, and would render such long experiments hazardous. As far as observations go, it is therefore evident that hemolysis proceeds without stop even with minute amounts of antibody, provided C' is present in excess. To confirm this finding, an experiment, shown in Fig. 9 , was set up with relatively limited amounts of both antibody and C'. When hemolysis had stopped the contents of each flask were divided in half. One portion was mixed with additional antiserum while the other received additional C'. As a result, lysis was resumed upon addition of more C', but not upon supplying more antibody. This indicates that lysis ha d stopped due to exhaustion of the available Table II . On the basis of 0.20 rag. total antibody N per ml. in antiserum B, and a molecular weight of 900,000 for hemolytic antibody (18) , it can be calculated from curve I in Fig. 1 that 84 billion molecules of antibody effected lysis of 1.75 billion cells in 440 minutes. This is equivalent to 48 molecules of antibody per red cell, a value of the same magnitude as that calculated by Brunius (24) , but much lower than that of about 500 estimated by Heidelberger, Weil, and Treffers (19) .
m~SWLTS AND mscussIoN
Measurements of the rate of hemolysis can be made with a precision of 4-5 per cent, comparable to that attained in static analyses (12, 13) , provided experimental conditions are adjusted so that the speed of lysis is within the range of about 10 to 500 million ceils per minute. In experiments with an excess of C r the lower limit is imposed by the lytic speed of about 0.5 million ceils per minute usually observed in the blank containing ceils and a 1/30 dilution of C r. On the other hand, when only small amounts of C r are used the blank is practically negligible, but in this case a lower limit for the accurate determination of the lytic rate is set by the early cessation of lysis upon exhaustion of the limited amount of C'. The upper limit is due to the fact that samples cannot be taken more frequently than about once every minute, and that timing of the delivery of samples into the citrate-saline solution is subject to an uncertainty of about 0.1 minute. Since earlier investigations, in which centrifugation served as a means of arresting hemolysis, suffered from a timing error of at least 1 or 2 minutes, the use of citrate-saline constitutes a substantial improvement.
It is evident from the duplicate experiments shown in Figs. 2 and 3 that a high degree of reproducibility can be achieved in experiments carried out with the same suspension of red cells. With different lots of red cells agreement is not always satisfactory due to variations in lyric susceptibility among cells from different sheep and of different age. If comparable results are desired in runs carried out at different times, it is therefore advisable to use erythrocytes derived from the same animal, and not differing too widely in respect to the period of storage in the Alsever solution. Studies on these sources of error are still in progress.
In agreement with earlier investigations (10, 11) the present experiments show that plots of the degree of hemolysis against time yield more or less S-shaped curves, which vary in their characteristics depending on the respective concentrations of the lyric agents. According to Ponder (10) , the S-shaped nature of the velocity curves is assumed to be due to the heterogeneity of red cells in respect to their susceptibility to lysis (20) . Thus, an S-shaped integral distribution function would form the fundamental pattern of all the velocity curves, but modifications due to various kinetic factors involving the concentrations of erythrocytes, antibody, and C', as well as their respective speeds of interaction, are superimposed upon the basic pattern to yield the variety of curves shown in Figs. 1, 4 , 5, and 7. While the mechanism of the hemolytic process is not as yet understood sufficiently well to permit formulation of a quantitative kinetic theory, a limited qualitative evaluation of the present findings can be attempted.
The most striking result of the present study is the recognition that the kinetics of hemolytic systems containing excess antibody and limited C' (Figs. 6 and 7) differ profoundly from those of systems in which C' is present in excess and antibody is limited (Figs. 1 and 4) . Thus, with C ~ as the l~rnlting factor, the hemolytic reaction runs for a period of only about 40 to 80 minutes, and then stops completely. Since it has been shown that C' is used up or destroyed during hemolysis (9), the lytic process presumably comes to a standstill when the available supply of C' has been exhausted. The number of cells lysed at the end point varies with the amount of C r according to a function such as the well known equation of yon Krogh (21) .
On the other hand, when C' is present in excess and antibody is the limiting factor, as in Figs. 1 and 4 , the velocity curves have a catalytic appearance, resembling those obtained in enzymic reactions. Thus, in experiments with anti-serum B (Fig. 1 ), readings were taken for about 440 minutes and progressively increasing hemolysis was noted. Although the velocity became very low toward the end of that period, lysis did not cease completely. The decline in velocity was not due to lack of C' since it could be shown that the system still contained excess C' at the end of the 440 minutes. With antiserum A (Fig. 4) the catalytic appearance of the curves is especially pronounced since velocities did not diminish appreciably until a substantial part of the red cell substrate had been destroyed.
Since an end point is not reached, at least within practicable periods of observation, any relation between the number of cells lysed and the amount of antibody employed must involve time as a variable. Titrarions of hemolytic antibody should therefore be based on determinations of the number of cells lysed in unit time; i.e., measurements af velocity. Thus, the problem of assaying the activity of hemolytic antibody is essentially similar to that of detertermining the activity of an enzyme.
In view of the initial lag period exhibited by the hemolytic velocity curves, analysis for antibody, however, cannot be made in terms of initial reaction velocity, as in the determination of enzymes. Ideally, the kinetic velocity constant proper should be used as a measure of antibody activity, but, lacking a kinetic equation, this is not possible at present. Instead, the optimal velocity of each curve, i.e. the slope at the inflection point, can be employed as an empirical index of the activity of hemolytic antibody. As shown in Fig. 5 the relation between maximal velocity and antibody concentration is linear, except at very low concentrations of antibody. A similar plot, relating velocity and concentration of C', is shown in Fig. 8 .
The experiments plotted in Figs. 1, 4 , 5, and 7 represent extreme conditions in respect to excess of either C' or antibody. In view of the startling results, it seemed of interest to study the course of hemolysis in systems of an intermediate type; i.e., not containing an excess of either C ~ or antibody. Such an experiment is shown in Fig. 9 , and it can be seen that the reaction stopped at different levels of hemolysis depending on the amount of C' used. In order to ascertain why the lyric process had stopped, each reaction mixture was split in half upon cessation of lysis, and additional antibody was added to one portion, while the other received more C'. The results show that increasing the supply of antibody had no effect, while lysis was promptly resumed when fresh C' was introduced, indicating that the cessation of lysis was due to exhaustion of C'. This is borne out especially well with curve 1, the experiment with C' diluted 1/400. In this run, the amount of C' added after cessation of lysis was chosen so as to raise the concentration of C' to that initially present in the experiment represented by curve 2. As a result, the speed of reaction on resumption of lysis in Experiment 1 became about the same as that observed initially in Experiment 2. Since the same amount of antibody was used in all three KINETIC STUDIES ON IMMUNE HEMOLYSIS. I runs represented in Fig. 9 , it can be concluded that the effective concentration of antibody was unaltered even after 4 hours of continuous action. It is therefore evident that hemolytic antibody, in sharp contrast to C', possesses the ability to act for long periods of time without suffering exhaustion. However, different antisera do not possess this capacity to the same degree. Thus, comparison of Figs. 1 and 4 shows that antiserum A is slower in getting lysis under way, but maintains a high rate of lyric activity longer than antiserum B. As a result, a given dilution of antiserum B, such as, for example, curve 3 in Fig. 1 , may initially produce more hemolysis than a comparable dilution of antiserum A (e.g., curve 5 in Fig. 4 ), but after a while the action of B becomes slower than that of A, the curves cross, and antiserum A appears to be more potent. Three other hemolytic antisera, which have been studied by the kinetic method, have shown similar variations, one being analogous in behavior to A, another resembling B, and the third displaying an intermediate type of kinetics. In addition to these differences, it has been found (of. Table  II ) that while the absolute antibody contents of antisera A and B are in fair agreement with their agglutination titers, they bear no relation to the hemolytic titers. In the studies of Heidelberger and Treffers (17) discrepancies between hemolytic activity and antibody content were also noted, and it was pointed out that antisera to sheep erythrocytes contain a multiplicity of antibodies reactive with various antigenic constituents of the red cell. Perhaps only one, or a few of these antibodies possess hemolytic activity. Thus, the differences between antisera A and B shown in Table II might be due to a higher proportion of non-hemolytic antibody in antiserum A. On the other hand, the dissimilar kinetic behavior of antisera A and B cannot be explained on this basis.
In order to interpret the catalytic character of the velocity curves in Figs. 1 and 4, as well as the differences between them, it is necessary to consider how antibody and C' function in the hemolytic process. According to the classical concepts, C' is assumed to be the lyric agent proper, while antibody merely serves to fix C' at its site of action; i.e., upon the surface of the red cell (9, 10).
Since C' is consumed or destroyed during hemolysis, the catalytic character of the velocity curves in systems containing C' excess, indicates that progressively increasing amounts of C' are fixed and utilized as lysis proceeds. This view derives support from recent quantitative studies on the fixation of C' (16), in which it was shown that uptake of C' by antigen and antibody at 37°C. increases continually with time. Plots of the velocity of C' fixation in reference 16 closely resemble those for the hemolytic reaction in the presence of excess C'. On the other hand, the concept of continuous utilization of C' during hemolysis is in conflict with Ponder's statement (10) that the fixation of C' by sensitized cells is completed within less than one-third of the latent period;
i.e., the time elapsed prior to onset of hemolysis.
If the continuous utilization of C' involves uptake of progressively increasing amounts of C' substance by the sensitized erythrocytes, steric limitations should eventually terminate the hemolytic process, unless there exists a mechanism for the release of expended C'. It is therefore pertinent to consider whether C' fixation is a reversible process. While there is no direct evidence, indirect support can be derived from the fact that the union between antigen and antibody has been shown to be reversible under appropriate conditions (22, 23) . Since fixation of C' results from the combination of antigen with antibody, dissociation of the immune complex should be accompanied by release of C'. It therefore appears possible that a molecule of hemolytic antibody could combine with a red cell, perform its lytic function in cooperation with C t, and eventually dissociate to become available for action at some other site of the same or of a different red cell. Thus, the molecules of antibody would go through a cycle enabling them to react over and over again, and produce progressively increasing hemolysis , provided a sufficient supply of C' is available. Experiments on this hypothesis are in progress.
It is interesting to speculate on the significance of the present findings in respect to the hypothesis that immune hemolysis is an enzymatic process. The recent demonstration that Mg 4+ is an essential cofactor in the hemolytic reaction (13) has lent new support to this concept since Mg ++ is also necessary to many enzyme systems. Such speculations have usually revolved about C' as the enzyme, but the present data show that in its kinetic behavior antibody resembles an enzyme more closely than does C'. The exceedingly small number of antibody molecules required for the lysis of a single red cell (48 molecules in the case of antiserum B acting for 440 minutes) would also support this view. Furthermore, just as enzyme and substrate unite as the result of specific structural affinity, antibody and red ceils combine for the same reason. If this be true, the function of C' might be that of a cofactor, possibly an energy donor, which would permit the hemolytic antibody to exercise enzymelike activity.
SUMX~RY
A quantitative method for the study of the kinetics of immune hemolysis is described.
In the presence of excess C' and limited amounts of antibody the kinetics of hemolysis resemble those of enzymatic processes.
Assays of hemolytic antibody should therefore be based on velocity measurements rather than end point titrations.
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